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APPENDIX A 

EXPOSURE GUIDELINES FOR 

INHALATION EXPOSURE TO CHLORINE 

 

1.0 OVERVIEW 

 

1.1 Effects of Exposure 

 

Numerous public health agencies have reviewed available toxicity information on the hazards 

associated with inhalation exposure to chlorine (Cl2) and have compiled summaries of the key 

findings from studies in humans and animals (NIOSH 1976, OSHA 1978, EPA 2000, NRC 2004, 

AIHA 2004, ATSDR 2010, EPA 2013, CalEPA 2014).   The following bullets summarize the 

main conclusions reported in these documents. 

 

 Chlorine is highly reactive and readily reacts with all organic and many inorganic 

substances (NRC 2004, ATSDR 2010). 

 Chlorine is readily soluble in water and exposure to chlorine in air tends to have the 

greatest effects on moist tissue surfaces including eyes and the epithelial layer of the 

respiratory tract (NIOSH 1976, EPA 2000, NRC 2004, ATSDR 2010). 

 The odor threshold for chlorine varies between individuals, but is generally between 0.02 

and 0.2 ppm (OSHA 1978).  

 Some people report a mild “tickling” of nose or throat at concentrations of 0.01 to 0.1 

ppm (EPA 2000).  Nasal irritation, lacrimation, sore throat and coughing often begin to 

occur at a concentration of about 0.5-5 ppm, depending on the duration of exposure 

(OSHA 1978, EPA 2000).  These effects are generally transient and usually resolve 

within several hours after exposure ceases (EPA 2000).  

 At higher exposures (generally in the 5-30 ppm range, depending on exposure duration), 

eye and throat irritation become more severe (OSHA 1978), and necrosis of respiratory 

epithelial cells may occur (CalEPA 2014).  In some cases, pulmonary edema may occur, 

resulting in symptoms of chest pain and difficult breathing, often with a feeling of 

choking or suffocation (EPA 2000).  Such symptoms may endure several days after 

cessation of exposure. 

 Inhalation exposure to chlorine can be lethal, but the concentration levels causing 

lethality are not well documented in humans.  In animals, the probability of lethality 

depends both on concentration and duration of exposure, with LC50 values generally in 

the 300-1,000 ppm range, depending on exposure duration (ATSDR 2010). 
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1.2 Exposure-Time Relationships 

 

Available toxicity data in humans and animals clearly indicate that the effects of exposure to 

chlorine depend both on exposure concentration and duration of exposure.  Given information of 

the effect of exposure to concentration “C” for some time interval “t”, extrapolation to some 

other exposure duration is often achieved by assuming that that Haber’s Rule applies, which 

states that the effects of two exposure events will be similar when the product of concentration 

and time is a constant: 

 

 C x t = k 

 

For example, if Haber’s Rule applies, exposure to 10 ppm for 10 minutes would be expected to 

produce the same effect as exposure to 1 ppm for 100 minutes or 0.1 ppm for 1,000 minutes.  

However, studies by ten Berge et al. (1986) indicate that Haber’s Rule may not apply to some 

acute irritants, and that the relationship between exposure level and exposure duration is often 

better characterized as: 

 

 Cn x t = k    

 

In such a case, exposure to 10 ppm for 10 minutes is no longer expected to be equally toxic as 

exposure to 0.1 ppm for 1,000 minutes, which means that it is important to consider the value of 

n when using toxicity data at one exposure duration to extrapolate to some other exposure 

duration.  Both NAS (2004) and EPA (2013) have reviewed the available literature on the 

concentration-time relationship for chlorine to determine the value of the exponent “n”.  

Although there is variability between studies, both NAS (2004) and EPA (2013) concluded that a 

value of  n = 2 is most appropriate.  This value is also used by CalEPA (2014). 

 

2.0 HUMAN EXPOSURE GUIDELINES FOR CHLORINE 

 

2.1 Summary of Human Exposure Guidelines 

 

Numerous health agencies have derived guidelines for human exposure to chlorine. 

 

Table A 2-1 summarizes values for short-term (10 minute to 8 hour) exposures, along with 

information on the basis of the guideline (when available).  These guidelines are best thought of 

as being protective for single exposure events, with a frequency of repeated exposure that is 

sufficiently low that any effects from one exposure are fully reversed before a repeat exposure 

occurs. 

 

Table A 2-2 summarizes guidelines that are intended to be applicable to repeated workplace 

exposures or longer term continuous exposures. 
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In several cases (NAS AEGLs, AIHA ERPGs, CalEPA acute RELs, EPA PALs), guidelines 

were developed for two or three differing severity levels of adverse effect.  Although definitions 

of the tiers vary somewhat between agencies, the severity tiers may be thought of as follows: 

 

 Tier 1 guidelines identify the threshold for relative mild and reversible effects 

 Tier 2 guidelines identify the threshold for more substantial but still reversible effects 

 Tier 3 guidelines represent thresholds for serious and potentially disabling or life-

threatening exposures. 

 

Figure A 2-1 provides a graphical summary of the short-term and long-term guideline values, 

plotted as a function of exposure duration and stratified by the severity level associated with the 

guideline.  As seen, values for similar durations and severity levels may differ somewhat 

between agencies due to differences in the data considered to be the best starting point, the 

methods used to extrapolate over time, and the application of uncertainty factors.  Nevertheless, 

there is relatively good agreement between most guidelines. 

 

2.2 Choice of Guidelines for Evaluation of Human Health Risks at the U.S. Magnesium 

Site 

 

In selecting the most appropriate human exposure guidelines for use at the U.S. Magnesium site, 

two factors were considered to be important: 

 

 Guidelines based on data from intermittent exposures that require extrapolation across 

time should be derived using the relationship recommended by ten Berge et al (1986) 

with an exponent of 2. 

 Guidelines should be available for a range of exposures durations and for several 

severity levels to allow a proper characterization of risks and to support well-informed 

risk management decision-making. 

 

Based on these criteria, the following guidelines were identified as being most appropriate: 

 

 Short-term Exposures:  NAS AEGL values 

 Longer-term Exposures:  EPA PALs 

 Chronic Exposure:  ATSDR Chronic MRL.  Although this value is derived using Haber’s 

Rule (n = 1), the application of uncertainty factors in the derivation of the MRL likely 

accounts for any underestimation that might result.   

 

These values are summarized in Table A 2-3. 
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Table A 2-1.  Short-Term Human Exposure Guidelines 

 

 
 

Key Exposed Expiosure Critical NOEC LOEC

Studies Organisms Duration Effect ppm ppm ppm Note Cn * t = k Interspecies UF 10-15 min 30 min 1 hr 4 hr 8 hr

IDLH Freitag 1941 Humans 1-1.5 hrs Lethality 34-51 10 10

Short term REL

Rupp and Henschler 1967

Beck 1959, Matt 1889

Patil et al 1970

Humans <= 1 hr
Occular and respiratory 

irritation
0.2 - 1.3 0.5 1.0

OSHA Short term PEL
Anglen 1981

Rotman et al. 1983
Humans 8 hrs

Sensory irritation, decreased 

pulmonary function
0.5 1 1.0

ACGIH STEL 1.0

AEGL 1

D'Alessandro et al 1996

Rotman et al 1983

Shusterman et al. 1998

Human (including 

sensitive individuals)
15 min - 8 hr

Transient nonsymptomatic 

changes in pulmonary air flow
0.4 - 0.5 0.5 n=2 0.5 0.5 0.5 0.5 0.5

AEGL 2
D'Alessandro et al 1996

Rotman et al 1983

Human (including 

sensitive individuals)
4 hr

Shortness of breath, wheezing, 

increase resistance to airflow
1.0 1.0 n=2 1 2.8 2.8 2.0 1.0 0.7

Rat 1 hr Lethality 213, 322

Mouse 1 hr Lethality 150

Acute REL (mild) Anglen 1981 Human 30 min Itching and burning throat 1.0 n=2 10 0.07

Acute REL (severe) D'Alessandro et al 1996 Human 1 hour Decreased FEV 0.4 1.0 0.4 0.4

Acute REL (life-

threatening)
Zwart and Woutersen 1988 Rat 1 hour Lethality 311 30 10

ERPG 1
Rotman et al. 1983

D'Alessandro et al 1996
Human 4 hours

Sensory irritation

Changes in pulmonary function
0.4 - 1 1

ERPG 2 Rotman et al. 1983 Human 1 hour
Transient changes in 

pulmonary function
3

ERPG 3
Demnati et al 1995

NTIS 1972
Rats 1 hour Lethality 200-293 20

200 9 50n=2 10 7.1

Agency

NAS

Guideline
Value (ppm)AdjustmentsPOD

AIHA

AEGL 3

NIOSH

CalEPA

MacEwen and Vernort 1972

Zwart and Woutersen 1988
2028
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Table A 2-2.  Repeat Exposure and Longer-Term Human Exposure Guidelines 

 

 

Key Exposed Expiosure Critical NOEC LOEC POD Value (ppm)

Studies Organisms Duration Effect ppm ppm ppm Haber HEC UF (ppm)

NIOSH REL 
repeated 8-hour 

exposures

Rupp and Henschler 1967

Beck 1959, Matt 1889

Patil et al 1970

Humans 8 hrs
Sensory irritation, decreased pulmonary 

function
0.5

OSHA PEL
repeated 8-hour 

exposures

Anglen 1981

Rotman et al. 1983
Humans 8 hrs

Isensory irritation, decreased pulmonary 

function
0.5

ACGIH TWA
repeated 8-hour 

exposures
0.5

Acute MRL
continuous for up 

to 14 days

Multiple (Anglen 1981, 

D'Alessandro et al 1996, Rotman et 

al. 1983, Schins et al, 2000)

Human 8 hr
Irritation of eyes, nose and throat; 

transient increased airway resistance.
0.5 1 0.5 n=1 3 0.06

Intermediate MRL
continuous for 2 

wks to 1 yr
Kutzman 1983 Rats 6 hr/day, 5 d/wk, 9 wks Loss of cilia and epithelium in trachea -- 0.5 0.5 n=1 90 0.001

Chronic MRL
Continuous for a 

lifetime
Klonne  et al. 1987 Monkey 6 hr/day, 5 day/wk, 1 yr

focal epithelial hyperplasia in nose and 

trachea
-- 0.1 0.02 n=1 60 0.00005

Continuous,

1 day
Rotman et al. 1983 Human 8 hrs

Decreased pulmonary function

Eye, nose, and throat irritation
0.5 1 0.29 n=2 3 0.096

Continuous,

30 day
Jarabek 2013 Rats

6 hrs/day

5 days/wk

2 weeks

Nasal lesions 0.1 1 0.18 n=2 9 0.018

Continuous,

90 day
Klonne  et al. 1987 Monkey

6 hrs/day

5 days/wk

1 year

Nasal lesions 0.1 2.3 0.036 n=2 9 0.0036

Continuous,

2 year
Klonne  et al. 1987 Monkey

6 hrs/day

5 days/wk

1 year

Nasal lesions 0.1 2.3 0.036 n=2 9 0.0036

Continuous,

1 day

Anglen 1981

Rotman et al. 1983
Human 8 hrs

Decreased pulmonary function

Eye, nose, and throat irritation
0.5 1 0.58 n=2 3 0.19

Continuous,

30 day
One third of 30-day PAL-3 Rats 0.32 n=2 3 0.11

Continuous,

90 day

CIIT 1994

Wolf et al. 1995
Mice

6 hrs/day

5 days/wk

2 years

Decreased body weight

Mild to moderate nasal lesions
0.4 1 0.36 n=2 9 0.036

Continuous,

2 year

CIIT 1994

Wolf et al. 1995
Mice

6 hrs/day

5 days/wk

2 years

Decreased body weight

Mild to moderate nasal lesions
0.4 1 0.36 n=2 9 0.036

Continuous,

1 day
Weedon et al. 1940

Rats

Mice
16 hours Lethality 63 250 51.4 n=2 9 5.1

Continuous,

30 day
Barrow et al. 1979 Rats

6 hrs/day

5 days/wk

6 weeks

Severe respiratory irritation

Threshold for lethality
3 9 3.2 n=2 9 0.32

Continuous,

90 day
Barrow et al. 1979 Rats

6 hrs/day

5 days/wk

6 weeks

Severe respiratory irritation

Threshold for lethality
3 9 3.2 n=2 9 0.32

CalEPA Chronic REL
Continuous for a 

lifetime
Wolf et al. 1995 Rats

6 hrs/day

3 days/wk

2 years

Respiratory epithelial lesions 0.4 0.14 n = 1 0.16 30 0.00008

PAL-1

PAL-2

PAL-3

EPA

NHSRC

ATSDR

Agency Guideline

AdjustmentsApplicable

Duration
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Figure A 2-1  Human Exposure Guidelines 

 

 

(min) ppm ug/m3 Source (min) ppm ug/m3 Source (min) ppm ug/m3 Source

8 hrs 480 0.5 1450 NIOSH REL 10 min 10 2.8 8120 AEGL 2 30 min 30 10 29000 IDLH

15 min 15 1.0 2900 NIOSH STEL 30 min 30 2.8 8120 AEGL 2 10 min 10 50 145000 AEGL 3

8 hrs 480 0.5 1450 OSHA PEL 60 min 60 2 5800 AEGL 2 30 min 30 28 81200 AEGL 3

15 min 15 1.0 2900 ACGIH STEL 4 hrs 240 1 2900 AEGL 2 60 min 60 20 58000 AEGL 3

8 hrs 480 0.5 1450 ACGIH TLV 8 hrs 480 0.7 2030 AEGL 2 4 hrs 240 10 29000 AEGL 3

10 min 10 0.5 1450 AEGL1 60 min 60 0.4 1160 CalEPA REL 8 hrs 480 7.1 20590 AEGL 3

30 min 30 0.5 1450 AEGL1 60 min 60 3 8700 AIHA ERPG 2 60 min 60 10 29000 CalEPA REL

60 min 60 0.5 1450 AEGL1 24 hrs 1440 0.19 551 PAL-2 60 min 60 20 58000 AIHA ERPG 3

4 hrs 240 0.5 1450 AEGL1 30 days 43200 0.11 319 PAL-2 24 hrs 1440 5.1 14790 PAL-3

8 hrs 480 0.5 1450 AEGL1 90 days 129600 0.036 104 PAL-2 30 days 43200 0.32 928 PAL-3

1 hrs 60 0.07 203 CalEPA REL 2 years 1051200 0.036 104 PAL-2 90 days 129600 0.32 928 PAL-3

1 hrs 60 1.0 2900 AIHA ERPG 1

14 days 20160 0.06 174 ATSDR Acute MRL

1 years 525600 0.001 2.9 ATSDR Intermediate MRL

70 years 36792000 0.00005 0.1 ATSDR Chronic MRL

70 years 36792000 0.0008 2.3 CalEPA Chronic REL

24 hrs 1440 0.096 278 PAL-1

30 days 43200 0.018 52 PAL-1

90 days 129600 0.0036 10 PAL-1

2 years 1051200 0.0036 10 PAL-1

Time Time
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Table A 2-3  Selected Human Exposure Guidelines for Chlorine 

 

Panel A:  AEGL Values for Short-Term Exposure (ppm) 

Exposure 

Duration 

Severity 

AEGL-1 

(Mild) 

AEGL-2 

(Moderate) 

AEGL-3 

(Severe) 

10 min 0.5 2.8 50 

30 min 0.5 2.8 28 

1 hr 0.5 2.0 20 

4 hr 0.5 1.0 10 

8 hr 0.5 0.7 7.1 

 

Panel B:  PAL Values for Longer-Term Exposure (ppm) 

Exposure 

Duration 

Severity 

PAL-1 

(Mild) 

PAL-2 

(Moderate) 

PAL-3 

(Severe) 

24 hr 0.096 0.19 5.1 

30 days 0.018 0.11 0.32 

90 days 0.0036 0.036 0.32 

2 years 0.0036 0.036 -- 

 

 

Panel C:  Chronic Exposure 

 

ATSDR Chronic MRL:   0.00005 ppm 
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3.0 ECOLOGICAL EXPOSURE GUIDELINES FOR CHLORINE 

 

No existing guidelines were located for exposure of ecological receptors (mammals, birds) to 

chlorine.  The following section summarizes studies that were used to derive Toxicity Reference 

Values (TRVs) for birds and mammals at this site. 

 

3.1 Mammals 

 

Lethality 

 

Inhalation exposure to high level of chlorine can be lethal in mammals.  Figure A 3-1 

summarizes LC50 data from a number of studies.  As shown, the values tend to decrease as 

exposure duration increases, with most values in the 300-1000 ppm range.   

 

According to Rusch (2000), an LC(low) (the threshold  effect level for lethality) can be estimated 

from an LC50 by dividing by a factor of 3.  Based on this, TRVs for protection against lethality 

may be estimated to be approximately 300 ppm for an exposure duration of 10-30 minutes and 

approximately 100 ppm for an exposure duration of 6-8 hours. 

 

No studies were located that provide sufficient data to identify an LC50 or an LC(low) following 

repeated exposures.  In the absence of data, a value is estimated by dividing the LC(low) for 6-8 

hours exposure by an uncertainty factor of 3. 

 

These TRVs for lethality in mammals are summarized below: 

 

Duration Frequency TRV (ppm) 

10 minutes Infrequent 300 ppm 

6 hrs Infrequent 100 ppm 

6 hrs Repeated 30 ppm 

 

Systemic Effects 

 

The primary systemic effects of chlorine exposure in mammals is irritation of eyes and nose at 

low level exposures with damage to the cells of the respiratory tract and altered respiratory 

function at higher exposures.  While low level of exposures that cause only mild irritation are not 

likely to cause ecologically significant effects, more serious effects on the nose or respiratory 

system might interfere with the ability to locate and capture prey and/or avoid predation.  

Consequently, TRVs for systemic effects are based on serious effects on the nose of respiratory 

tract. 
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Single Exposures 

 

Table A 3-1 summarizes a number of short-term (5 minute to 6 hour) studies on the effects of 

inhalation of chlorine by mammals.  The data are illustrated graphically below the table.  As 

shown, for short-term exposures in the range of 10-30 minutes, serious effect levels occurred at 

exposure concentrations of about 100 ppm.  To move from a serious effect level to a threshold 

for serious effects, the value of 100 ppm is divided by a factor of 3, resulting in a TRV of 30 

ppm. 

 

No studies were located to identify a serious effect level for a short-term exposure of 6-8 hours 

duration, so a TRV value for this duration was estimated based on the exposure-duration model 

recommended by ten Berge et al. (1986), and assuming an exponent of 2: 

 

TRV(6 hrs) = [ TRV(30 minutes)2   (0.5 / 6) ]0.5 

          = [302 / 12 ]0.5 = 8.7 ppm (rounded to 9 ppm) 

 

Repeated Exposures 

 

Table A 3-2 summarizes studies in which mammals underwent repeated exposure to chlorine.  

As indicated, several studies found that repeated exposure 6 hrs/day to 9-12 ppm resulted in 

relatively significant effects that might be associated with decreased chances of survival in the 

wild.   

   

Based on this, TRVs for protection of mammals against serious systemic effects from repeated 

exposures (6 hrs in duration) to chlorine may be estimated to be approximately 9 ppm.  To move 

from a serious effect level to a threshold for serious effects, the value of 9 ppm is divided by a 

factor of 3, resulting in a TRV of 3 ppm.  This value is consistent with several other studies that 

reported that repeated exposures ranging from 9 weeks to 2 years to concentrations in the range 

of 0.5 to 2.5 ppm caused either no effects or only mild effects that would not be likely to result in 

decreased growth, survival or reproduction. 

 

Summary of TRVs for Mammals 

 

Table A 3-3 (upper section) summarizes the TRVs derived for mammals that have been selected 

for use at the U.S. Magnesium site. 

 

3.2 Birds 

 

No quantitative data were located on the effects of chlorine on birds.  In the absence of data, 

values for birds were derived from value for mammals by dividing by an uncertainty factor of 3.  

These values are summarized in Table A 3-3 (lower section).  Although the resultant values are 
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considered to be uncertain, it is nevertheless expected that if exposure levels do not exceed the 

TRVs, population-level effects are unlikely to be ecologically significant. 
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Figure A 3-1.  LC50 Values in Mammals 
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Table A 3-1.  Systemic Effects of Short-term Exposures to Mammals 

 

 
 

Reference Species Endpoint ET (min) NOEC LOEC(mild) LOEC(serious)

Barrow and Steinhagen 1982 Rat Decreased resp rate 10 25

Demnati et al 1995 Rat Slight edema 10 100 200

Leustik et al 2008 Rat Histolog/biochem evidnce of lung injury 30 184

McNulty et al 1983 Rat Decreased -SH in nasal epithelium 360 2.5 5

Yildirim et al 2004 Rat Pulmonara edema & hemorrhage 15 1330

Barrow et al 1977 Mouse Decreased rep. rate 10 1.8

Gagnaire et al 1994 Mouse Decreased rep. rate 60 3.5

Martin et al 2003 Mouse Flattening of pulmonary epithelium 5 100

Morris et al 2005 Mouse Decreased rep. rate 15 2.3

Tian et al 2008 Mouse Histolog/biochem evidnce of lung injury 60 221

Barrow and Smith 1975 Rabbit Pulmonara edema, emphysema 30 100

Batchinsky et al 2006 Sheep Immediate and sustained lung injurt 30 120

Hoyle  2010 Mouse Decreased rep. rate 60 100

Wang 2005 Pig Reduced air flow, reduced blood oxygen 15 400
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Table A 3-2.  Systemic Effects of Repeated Exposures of Mammals 

 

 
 

 

 

Reference Species Endpoint
ET

(hrs/day)

EF

(days/week)

ED

(weeks)

NOEC

(ppm)

Mild LOEC

(ppm)

Serious LOEC

(ppm)

Jiang et al 1983 Rat Erosion of olfactory epithelium, wt loss 6 5 1 -- -- 9.1

Buckley et al 1984 Mouse Erosion and ulceration of resp epithelium 6 5 1 -- -- 9.3

Jiang et al 1983 Mouse Erosion of olfactory epithelium, wt loss 6 5 1 -- -- 9.1

Dodd et al 1980 Rat Wheezing, nasal & ocular irritation, wt loss 6 5 2 -- -- 12

Kutzman 1983 Rat Loss of epithelia cillia 6 5 9 -- 0.5 --

Barrow et al 1979 Rat Nasal inflamation 6 5 9 -- 1.0 --

Klonne et al. 1987 Monkey Focal nasal and tracheal hyperplasia 6 5 52 0.5 2.3 --

Wolf 1995 Mouse Nasal lesions, decreased BW 6 5 104 0.4 1.0 --

Wolf 1995 Rat Nasal lesions, decreased BW 6 5 104 0.4 1.0 --
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Table A 3-3. 

Selected TRVs (ppm) for Exposure of Ecological Receptors to Cl2 

 

 

Receptor 

Group 

Exposure 

Duration 

Exposure 

Frequency 

Endpoint 

Nasal/Resp. 

Tract Injury 
Lethality 

Mammals 

10-30 min Infrequent 30 300 

6-8 hr Infrequent 9 100 

6-8 hr Repeated 3 30 

Birds 

10-30 min Infrequent 10 100 

6-8 hr Infrequent 3 30 

6-8 hr Repeated 1 10 
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APPENDIX B 

HEATH EFFECTS DATA AND EXPOSURE GUIDELINES FOR 

INHALATION EXPOSURE TO HYDROCHLORIC ACID 

 

1.0 OVERVIEW 

  

Several public health agencies have reviewed available toxicity information on the hazards 

associated with inhalation exposure to hydrochloric acid (HCl) and have compiled summaries of 

the key findings from studies in humans and animals (EPA 2000, CalEPA 2000, CalEPA 2008, 

AIHA 2008,  EPA 2009, NRC 2004).  The following bullets summarize the main conclusions 

reported in these documents. 

 

 Hydrochloric acid is corrosive to the eyes, skin, and mucous membranes.  Acute 

inhalation exposure may cause coughing, hoarseness, inflammation and ulceration of the 

respiratory tract, chest pain, and pulmonary edema in humans (EPA 2000, CalEPA 2008) 

 Chronic occupational exposure to hydrochloric acid has been reported to cause gastritis, 

chronic bronchitis, dermatitis, and photosensitization.  Prolonged exposure to low 

concentrations may also cause dental discoloration and erosion (EPA 2000, CalEPA 

2000) 

 HCl is a sensory and respiratory irritant and causes changes in the upper respiratory tract, 

with the severity depending on concentrations and exposure duration.  As concentrations 

and exposure times increase, effects progress to the lower respiratory tract and may 

involve pulmonary edema and histopathologic changes (NRC 2004, EPA 2009). 

 Chronic inhalation exposure of rats caused hyperplasia of the nasal mucosa, larynx, and 

trachea and lesions in the nasal cavity (EPA 2000, EPA 2009) 

 

1.2 Exposure-Time Relationships 

 

Available toxicity data in humans and animals clearly indicate that the effects of inhalation 

exposure to HCl depend both on exposure concentration and duration of exposure.  Given 

information of the effect of exposure to concentration “C” for some time interval “t”, 

extrapolation to some other exposure duration is often achieved by assuming that that Haber’s 

Rule applies, which states that the effects of two exposure events will be similar when the 

product of concentration and time is a constant: 

 

 C x t = k 

 

For example, if Haber’s Rule applies, exposure to 10 ppm for 10 minutes would be expected to 

produce the same effect as exposure to 1 ppm for 100 minutes or 0.1 ppm for 1,000 minutes.  

Studies by ten Berge et al. (1986) indicate that Haber’s Rule may not apply to some acute 
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irritants, and that the relationship between exposure level and exposure duration is often better 

characterized as: 

 

 Cn x t = k    

 

Both NAS (2004) and EPA (2013) have reviewed the available literature on the concentration-

time relationship for HCl to determine the value of the exponent “n”.  Although there is 

variability between studies, both NAS (2004) and EPA (2013) concluded that a value of n = 1 is 

most appropriate (i.e., Haber’s Rule is applicable). 

 

2.0 HUMAN EXPOSURE GUIDELINES FOR HCl 

 

2.1 Summary of Human Exposure Guidelines 

 

Numerous health agencies have derived guidelines for human exposure to chlorine. 

 

Table B 2-1 summarizes values for short-term (10 minute to 8 hour) exposures, along with 

information on the basis of the guideline (when available).  These guidelines are best thought of 

as being protective for single exposure events, with a frequency of repeated exposure that is 

sufficiently low that any effects from one exposure are fully reversed before a repeat exposure 

occurs. 

 

Table B 2-2 summarizes guidelines that are intended to be applicable to repeated workplace 

exposures or longer term continuous exposures. 

 

In several cases (NAS AEGLs, AIHA ERPGs, CalEPA acute RELs, EPA PALs), guidelines 

were developed for two or three differing severity levels of adverse effect.  Although definitions 

of the tiers vary somewhat between agencies, the severity tiers may be thought of as follows: 

 

 Tier 1 guidelines identify the threshold for relative mild and reversible effects 

 Tier 2 guidelines identify the threshold for more substantial but still reversible effects 

 Tier 3 guidelines represent thresholds for serious and potentially disabling or life-

threatening exposures. 

 

Figure B 2-1 provides a graphical summary of the short-term and long-term guideline values, 

plotted as a function of exposure duration and stratified by the severity level associated with the 

guideline.  As seen, values for similar durations and severity levels may differ somewhat 

between agencies due to differences in the data considered to be the best starting point, the 

methods used to extrapolate over time, and the application of uncertainty factors.  Nevertheless, 

there is relatively good agreement between most guidelines. 
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2.2 Choice of Guidelines for Evaluation of Human Health Risks at the U.S. Magnesium 

Site 

 

In selecting the most appropriate human exposure guidelines for use at the U.S. Magnesium Site, 

two factors were considered to be important: 

 

 Guidelines based on data from intermittent exposures that require extrapolation across 

time must be derived using the relationship recommended by ten Berge et al (1986) with 

an exponent of 1. 

 Guidelines must be available for a range of exposures durations and for several severity 

levels to allow a proper characterization of risks and to support well-informed risk 

management decision-making. 

 

Based on these criteria, the following guidelines were identified as being most appropriate: 

 

 Short-term Exposures:  NAS AEGL values 

 

 Longer-term Exposures  EPA PALs 

 

 Chronic Exposure:  EPA RfC 

 

These values are summarized in Table B 2-3. 

 

 



DRAFT  --  FOR DISCUSSION PURPOSES 

B-4 
 

 

Table B 2-1.  Short-Term Human Exposure Guidelines 

 
Key Exposed Expiosure Critical NOEC LOEC

Studies Organisms Duration Effect ppm ppm ppm Note Interspecies UF 10-15 min 30 min 1 hr 4 hr 8 hr

IDLH

Flury and Zernik 1931

Henderson and Haggard 1943

Tab Biol Per 1933

Human
Inability to work at 50 

ppm
50 50

AEGL 1 Stevens et al. 1992 Humans 45 min
Upper resp 

symptoms
1.8 -- 1 1.8 1.8 1.8 1.8 1.8

AEGL 2 Stavert et al. 1991 Rat 30 min

Severe nasal and 

pulmonary 

histopathology

-- 1300 30 100 43 22 11 11

AEGL 3
Wohlslager et al. 1976

Vernot et al. 1977
Rat 1 hr Lethality

LC50 = 

3124
1000 a 10 620 210 100 26 26

Acute REL 

(mild)
Stevens et al. 1992 Humans 45 min

Upper resp 

symptoms
1.8 -- 1.4 1 1.4

Acute REL 

(severe)
NRC 1987 Mice 10 min

RD50 = 

309
~15 20

Acute REL (life-

threatening)
Hartzell et al. 1985 Rat 1 hr Lethality 1800.0 2280 1270 b 30 42

ERPG 1 Stevens et al. 1992 Humans 45 min
Upper resp 

symptoms
1.8 -- 3

ERPG 2 Multiple
Humans

Animals

Serious eye and 

respiratory btract 

injury

20 20

ERPG 3 Multiple Animals 15 min - 6 hr4 Lethality 150 150

 a LClow = LC50 / 3
 b  BMCL

Agency

NAS

Guideline
Value (ppm)POD

AIHA

NIOSH

CalEPA

Adjustments
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Table B 2-2.  Repeat Exposure and Longer-Term Human Exposure Guidelines 

 

 
 

Key Exposed Exposure Critical NOEC LOEC POD Value (ppm)

Studies Organisms Duration Effect ppm ppm ppm HEC UF (ppm)

NIOSH REL 
repeated 8-hour 

exposures
5.0

OSHA PEL
repeated 8-hour 

exposures
5.0

ACGIH TWA
repeated 8-hour 

exposures
5.0

Continuous,

1 day
Srevens et al. 1992 Human 45 min Irritation 1.8 1.8

Continuous,

30 day
Toxigenics Inc 1984 Rats

6 hr/day

5 day/wk

90 days

Decreased body weight

Minimal to mild histopathological of 

nasal cavity

50 8.9 10 0.9

Continuous,

90 day
Toxigenics Inc 1984 Rats

6 hr/day

5 day/wk

90 days

Decreased body weight

Minimal to mild histopathological of 

nasal cavity

50 8.9 10 0.9

Continuous,

2 year

Sellakumar et al 1994

Albert et al. 1982
Rat

6 hr/day

5 day/wk

Lifetime

No effect on body weight or survival 10 1.8 10 0.18

Continuous,

1 day

Henderson and 

Haggard 1943
Human 24 hr Maximum tolerable exposure 10 1 10

Continuous,

30 day

Henderson and 

Haggard 1943
Human 24 hr Maximum tolerable exposure 10 3 3.3

Continuous,

90 day

Henderson and 

Haggard 1943
Human 24 hr Maximum tolerable exposure 10 3 3.3

Continuous,

2 year
--

Continuous,

1 day
Wohlslagel et al. 1976 Rat 1 hour Threshold for lethality 1774 73.9 3 25

Continuous,

30 day
--

Continuous,

90 day
--

EPA RfC
Continuous for a 

lifetime

Sellakumar et al 1994

Albert et al. 1982
Rat

6 hr/eday

5 day/wk

Lifetime

Hyperplasia of eipitelial cells in nose 

and upper respiratory tract
10 0.442 300 0.013

CalEPA Chronic REL
Continuous for a 

lifetime
Sellakumar et al 1985 Rat

6 hr/day

5 day/wk

Lifetime

Hyperplasia of eipitelial cells in nose 

and upper respiratory tract
1.8 0.32 100 0.006

Agency Guideline

Adjustments

PAL-1

PAL-2

PAL-3

EPA

NHSRC

Applicable

Duration
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Figure B 2-1  Human Exposure Guidelines 

 

(min) ppm ug/m3 Source (min) ppm ug/m3 Source (min) ppm ug/m3 Source

8 hrs 480 5 14500 NIOSH REL 10 min 10 100 290000 AEGL 2 30 min 30 50 145000 IDLH

30 min 30 43 124700 AEGL 2 10 min 10 620 1798000 AEGL 3

8 hrs 480 5.0 14500 OSHA PEL 60 min 60 22 63800 AEGL 2 30 min 30 210 609000 AEGL 3

4 hrs 240 11 31900 AEGL 2 60 min 60 100 290000 AEGL 3

8 hrs 480 5 14500 ACGIH TLV 8 hrs 480 11 31900 AEGL 2 4 hrs 240 26 75400 AEGL 3

10 min 10 1.8 5220 AEGL1 60 min 60 20 58000 CalEPA REL 8 hrs 480 26 75400 AEGL 3

30 min 30 1.8 5220 AEGL1 60 min 60 20 58000 AIHA ERPG 2 60 min 60 42 121800 CalEPA REL

60 min 60 1.8 5220 AEGL1 24 hrs 1440 10 29000 PAL-2 60 min 60 150 435000 AIHA ERPG 3

4 hrs 240 1.8 5220 AEGL1 30 days 43200 3.3 9570 PAL-2 24 hrs 1440 25 72500 PAL-3

8 hrs 480 1.8 5220 AEGL1 90 days 129600 3.3 9570 PAL-2

1 hrs 60 1.4 4060 CalEPA REL

1 hrs 60 3.0 8700 AIHA ERPG 1

70 years 36792000 0.013 38.9 EPA RfC

70 years 36792000 0.006 17.4 CalEPA Chronic REL

24 hrs 1440 1.8 5220 PAL-1

30 days 43200 0.9 2610 PAL-1

90 days 129600 0.9 2610 PAL-1

2 years 1051200 0.18 522 PAL-1

1 month

1 year

Time Time

MILD (Blue Diamnods) MODERATE (Yellow squares)

Time

SEVERE (red triangles)

Time Value Time Value Time Value 

0.001
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Table B 2-3  Selected Human Exposure Guidelines for HCl 

 

Panel A:  AEGL Values for Short-Term Exposure (ppm) 

 

Exposure 

Duration 

Severity 

AEGL-1                

(Mild) 

AEGL-2 

(Moderate) 

AEGL-3 

(Severe) 

10 min 1.8 100 620 

30 min 1.8 43 210 

1 hr 1.8 22.0 100 

4 hr 1.8 11.0 26 

8 hr 1.8 11 26 

 

Panel B:  PAL Values for Longer-Term Exposure (ppm) 

 

Exposure 

Duration 

Severity 

PAL-1 

(Mild) 

PAL-2 

(Moderate) 

PAL-3 

(Severe) 

24 hr 1.8 10 25 

30 days 0.9 3.3 -- 

90 days 0.9 3.3 -- 

2 years 0.9 -- -- 

 

 

Panel C:  Chronic Exposure 

 

 EPA RfC:  0.013 ppm (continuous lifetime exposure) 
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3.0 ECOLOGICAL EXPOSURE GUIDELINES FOR HCl 

 

No existing guidelines were located for inhalation exposure of ecological receptors (mammals, 

birds) to HCl.  The following section summarizes studies that were used to derive Toxicity 

Reference Values (TRVs) for birds and mammals at this site. 

 

3.1 Mammals 

 

Lethality 

 

Inhalation exposure to HCl can cause severe injury to the lung resulting in lethality.  Figure B 3-

1 summarizes data from a number of studies in mammals.  As shown, there is substantial 

variation between studies and between species, with mice generally tending to be the most 

sensitive.  Taken together, the data indicate that lethality in mammals is unlikely to occur 

following exposures of 300 ppm for up to 10 minutes or 100 ppm for exposures of 1-6 hours.  

 

No studies were located that provide sufficient data to identify an LC50 or an LC(low) following 

repeated exposures.  In the absence of data, a value is estimated by dividing the value for 6-8 

hours exposure by an uncertainty factor of 3. 

 

These TRVs for lethality in mammals are summarized below: 

 

Duration Frequency TRV (ppm) 

10 minutes Infrequent 300 ppm 

6 hrs Infrequent 100 ppm 

6 hrs Repeated 30 ppm 

 

Systemic Effects 

 

Single Exposures 

 

Table B 3-1 summarizes a number of short-term (5-30 minute) studies on the effects of 

inhalation of HCl by mammals.  The data are illustrated graphically below the table.  As shown, 

exposure to concentrations below 100 ppm appear to cause only mild and reversible effects (e.g., 

mild irritation, altered breathing rate) that are unlikely to cause ecologically significant impacts 

on growth, reproduction or survival of exposed organisms. 

 

Based on this, the TRV for protection of mammals against serious systemic effects from short-

term (10-30 minutes) single exposures to HCl may be estimated to be approximately 100 ppm. 
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No studies were located to identify a serious effect level for a short-term exposure of 6-8 hours 

duration, so a TRV value for this duration was estimated based on application of Haber’s Rule: 

 

TRV(6 hrs) = TRV(30 minutes)  * (0.5 / 6)  

          = 100 ppm * 0.083 = 8.3 ppm 

 

Repeated Exposures 

 

Table B 3-2 summarizes studies that were located in which mammals underwent repeated 

exposure to HCl for 6 hours per day for 3 or more days.  The data are too limited to draw firm 

conclusions, but exposure to 309 ppm HCl caused death in exercising guinea pigs after 3 days.  

In order to be conservative, the TRV for long-term repeated exposure to HCl is derived as 

follows: 

 

 POD = 309 ppm 

 Haber’s Rule Adjustment = 6/24 

UF1 = 3 to estimate LD(low) (Rauch et al. 2009) 

 UF2 = 3 to extrapolate from 3 days to longer term 

 UF3 = 3 for database limitations 

 

 TRV = 309 ppm * (6/24) / 30 = 3 ppm 

 

This value is consistent with the findings reported by Albert et al. (1982) in which only mild 

effects occurred in rats exposed 6 hr/ day for a lifetime.  After application of Haber’s rule, this 

would correspond to 2.5 ppm as mild effect level for continuous exposure. 

 

Summary of TRVs for Mammals 

 

Table B 3-3 (upper section) summarizes the TRVs derived for mammals that have been selected 

for use at the U.S. Magnesium site. 

 

3.2 Birds 

 

No quantitative data were located on the effects of HCl on birds.  In the absence of data, values 

for birds were derived from value for mammals by dividing by an uncertainty factor of 3.  These 

values are summarized in Table B 3-3 (lower section).  Although the resultant values are 

considered to be uncertain, it is nevertheless expected that if exposure levels do not exceed the 

TRVs, population-level effects are unlikely to be ecologically significant. 
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Figure A 3-1.  Lethality Values in Animals 
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Table B 3-1.  Systemic Effects of Short-term Single Exposures of Mammals 

 

 
 

Study Species ED (min) Endpoints NOEC LOEC (mild) LOEC (severe)

Barrow et al. 1977 Mouse 10 Decreased respiration 40 245 309

Barrow et al. 1979 Mouse 10 Dec.resp., nasal ulceration 50 120

Kaplan et al 1988 Baboon 5 Coughing, eye irritation 190 810

Kaplan et al 1988 Baboon 15 Bronchconstriction 500

Kaplan et al 1993 Guinea Pig 15 Bronchconstriction 500

Kaplan et al 1993 Rat 15 Decreased respiration 3890

Kaplan et al 1993 Mouse 15 Decreased respiration 475

Stavert et al 1991 Rat 30 Nasal lesions, body weight 1293

Burleigh-Flayer et al 1985 Guinea pig 30 Pulmonary irritation 320 1040

Malek and Alarie 1989 Guinea pig 30 Irritation 107

Malek and Alarie 1989 Guinea pig 16 Incapacitation 140

Hartzel et al 1985 Rat 30 Decreased respiration 200

Lucia et al. 1977 Rat 10 Resp tract lesions 17 723
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Table B 3-2.  Systemic Effects of Repeated Exposures of Mammals 

 

 
 

 

Reference Species Endpoint
ET

(hrs/day)

EF

(days/wk)

ED

(days)

NOEC

(ppm)

Mild

LOEC

(ppm)

Serious 

LOEC

(ppm)

Albert et al 1982 (a) Rat Hyperplasia of nasal and tracheal epithelium 6 5 Lifetime 10

Toxigenics 1984 Rat Slight weight loss 6 5 90 20 50

Buckley et al 1984 Mouse Mortality 6 5 3 309

(a)  Discussed in Sellakumar et al. 1985
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Table B 3-3. 

Selected TRVs (ppm) for Exposure of Ecological Receptors to HCl 

 

 

Receptor 

Group 

Exposure 

Duration 

Exposure 

Frequency 

Endpoint 

Nasal/Resp. 

Tract Injury 
Lethality 

Mammals 

10-30 min Infrequent 100 300 

6-8 hr Infrequent 8.3 100 

6-8 hr Repeated 3 30 

Birds 

10-30 min Infrequent 30 100 

6-8 hr Infrequent 3 30 

6-8 hr Repeated 1 10 

 

 

 



DRAFT  --  FOR DISCUSSION PURPOSES 

B-14 
 

REFERENCES 

 

ACGIH. 1999.  TLVs and BEIs.  Threshold Limit Values for Chemical Substances and Physical 

Agents.  Biological Exposure Indices.  American Conference of Governmental Industrial 

Hygienists.  Cincinnati, OH. 

 

AIHA.  1998.  Emergency Response Planning Guideline.  Hydrogen Chloride.  American 

Industrial Hygiene Association, Fairfax Virginia.   

 

CalEPA.  2000.  Chronic Toxicity Summary.  Hydrogen Chloride.  California Environmental 

Protection Agency.  March 2000.  http://www.oehha.ca.gov/air/Allrels.html. 

 

CalEPA.  2008.  Acute Toxicity Summary.  Hydrogen Chloride.  California Environmental 

Protection Agency.  June 2008.  http://www.oehha.ca.gov/air/Allrels.html. 

 

CDC.  1994.  Documentation for Immediately Dangerous to Life or Health Concentrations 

(IDLHs).  Hydrogen Chloride.   http://www.cdc.gov/niosh/idlh/7647010.html  

 

EPA.  2000.  Chlorine.  Hazard Summary.  Technology Transfer Network - Air Toxics Web Site.  

http://www.epa.gov/ttn/atw/hlthef/hydrochl.html 

 

EPA.  2009.  Provisional Advisory Levels (PALs) for Hydrogen Chloride.  Final Report.  

National Homeland Security Research Center, Office of Research and Development, United 

States Environmental Protection Agency, Cincinnati, Ohio.   November, 2009. 

 

IRIS.  2014.  Integrated Risk Information System.  http://www.epa.gov/iris/subst/0405.htm. 

 

NIOSH.  1997.  Pocket Guide to Chemical Hazards. National Institute for Occupational Safety 

and Health, U.S. Department of Health and Human Services, Public Health Service, Centers for 

Disease Control and Prevention. Cincinnati, OH. 

 

NRC.  2004.  Acute Exposure Guideline Levels for Selected Airborne Chemicals.  Volume 4.  

Subcommittee on Acute Exposure Guideline Levels.  National Research Council of the National 

Academies.  http://www.epa.gov/oppt/aegl/pubs/tsd56.pdf 

 

OSHA.  1998.  Occupational Safety and Health Standards, Toxic and Hazardous Substances. 

Occupational Safety and Health Administration, Code of Federal Regulations. 29 CFR 

1910.1000. 

 

Rusch GM, Bast CB, Cavender FL.  2009.  Establishing a point of departure for risk assessment 

using acute toxicology data.  Reg. Toxicol. Pharmacol. 54:247-255. 

http://www.oehha.ca.gov/air/Allrels.html
http://www.epa.gov/ttn/atw/hlthef/hydrochl.html
http://www.epa.gov/iris/subst/0405.htm
http://www.epa.gov/oppt/aegl/pubs/tsd56.pdf


EPA RESPONSES 23 August 2014 
To 

 
PRELIMINARY REVIEW QUESTIONS/COMMENTS FROM  

ERM email of 16 Sep 2014 
 

Regarding 
EPA Draft OU-2 Phase 1B DQOs for US Magnesium RI 

  

1. Step 5.1, Step 1, Pages 3 and 4. This section references Appendices A and B, which summarize the 
data and regulatory guidelines for Cl2 and HCl, respectively.  Appendices A and B were not attached 
to the QAPP or forwarded to us in the email.  Please forward these appendices as we cannot review 
and comment on proposed acute inhalation values for Cl2 and HCl until they have been reviewed.  

 

Appendices A and B have been provided to ERM (see 9 Sep 2014 email from Catherine LeCours). 

. 

Step 5.1, Step 1, Pages 3 and 4. Tables 11-1 and 11-2 are referenced in this section and summarize 
Acute Exposure Guideline (AEGL) values protective of human exposures, and toxicity reference values 
for ecological receptors, respectively. Each table presents multiple exposure durations and severity of 
effects.  It is not clear from the text which values EPA is proposing to use.  Since the selected values are 
dependent on the exposure duration and severity of effect, the rationale for the selection of the specific 
values is critical to understanding the rest of the DQOs (especially as it relates to the exposure duration 
“d” used to calculate exposure in Steps 5.1 and 5.2).  Please provide a detailed discussion of what 
specific values are proposed and why. 

 

The choice of which AEGL or other RBC values that is/are optimal for risk characterization and decision-
making will be made after data are obtained on the magnitude and frequency of spikes occurring at the 
various monitoring stations. 

 

2. Step 5.1, Step 2, Page 4. Please clarify the rationale for adjusting the measured concentration using 
Haber’s Rule or ten Berge et al. when the RBCs have already been corrected. 

 

If the RBC is derived using the equation recommended by ten Berge, then the concentration values 
compared to the RBC must also be calculated in the same way. 

 

3. Step 5.1, Step 5, page 7. Please provide additional rationale and the basis for the site-specific 
Exposure Frequency Goals (EFGs) provided in the small embedded table.  Which severity of effect 
are we managing?  How do these specifically relate back to the selected toxicity values (both human 
and eco)?  Is there any precedence for the values selected? 

 

As stated, the EFGs are based on risk management judgments.  EPA will seek to limit the frequency of 
exceedances to the EFG for each severity level.  The relation of severity to toxicity data is described in 

Appendices A and B.  EPA is not aware of any precedents. 

 

4. Step 5.2, page 9-10. Please provide further clarification regarding the selection of the chronic Cl2 and 
HCl RBC value.  Is EPA proposing the PALs or IRIS/ATSDR values?  If PALs are the selected 
values, which duration and level of severity is proposed? 



 

EPA considers both the PALs and the IRIS/ATSDR values to be applicable.  The PALs will be used for 
scenarios with exposure durations of several years, while the IRIS/ATSDR values will be used for chronic 
exposure scenarios. 

 

5. Location of Monitoring Stations, page 12.  We cannot find any rationale in Worksheet 11 of the QAPP 
as to the number of required stations.  Please provide rationale as to why 12 monitoring stations are 
needed. 

 

The position of monitoring stations is based on a consideration of areas where humans and/or ecological 
receptors may be exposed, seeking to provide good spatial coverage,  EPA has sought to select a pattern 
of stations that are not so close as to be “redundant” ,but not so far apart that there would be a substantial 
data gap between stations.  Because the placement of stations involves judgment, EPA anticipates that 
discussions with ERM will be appropriate to ensure the final pattern is optimal. 

 

6. Minimum Sampling Duration, page 13. Please provide additional explanation about how Figure 11-2 
was created, with references if applicable.  

 

The basic equations needed to generate Figure 11-2 are shown on page 11-13.   The detailed 
calculations are presented in the attached spreadsheet (“Figure 11-2.xlsx”). 

 

*  *  *  *  *  * 



EPA response to ERM's 16Sep2014 Preliminary Questions/Comments on draft OU-2 Phase 1B DQOs for US Magnesium RI...and BM25 issues

		From

		Wangerud, Ken

		To

		David Abranovic; David Gibby US Magnesium; Bob Farmer; Kevin Lundmark; Mark Ransom

		Cc

		OBrien, Wendy; Bill Brattin; Wall, Dan; severett@utah.gov; Catherine D. LeCours; Herlocker, Doug; mstorck@utah.gov; Wangerud, Ken; McKean, Deborah

		Recipients

		David.Abranovic@erm.com; dgibby@usmagnesium.com; Bob.Farmer@erm.com; Kevin.Lundmark@erm.com; Mark.Ransom@erm.com; OBrien.Wendy@epa.gov; brattin@srcinc.com; wall.dan@epa.gov; severett@utah.gov; clecours@PWT.COM; Douglas.Herlocker@tetratech.com; mstorck@utah.gov; wangerud.ken@epa.gov; mckean.deborah@epa.gov



David,



 



I apologize for not including in my 28 August 2014 letter the Appendices A and B to the Enclosure 2 QAPP.   In response to your first point, the appendices were provided to ERM on 9 Sep and are  attached here again.  Secondly, the last sentence of the letter regarding convening of a scoping meeting should have been consist with the opening and read ‘December 1, 2014’.



 



EPA’s response to your 16 Sep 2014 email re Preliminary Question/Comments is attached.



 



As we discussed yesterday, further question/issues that ERM may wish to address re the Ph1B DQO-QAPP for Cl-HCl should be incorporated into ERM’s draft agenda development for the Scoping Meeting (per the AOC).



 



ERM has also brought to EPA’s attention a  matter regarding the BM25 performance.  As we discussed yesterday, the operational issues that ERM encountered with the BM25 instruments during the Ph1A sampling significantly impacts planning for the Ph1B investigation SAP.  ERM’s daily report emailed 8Sep2014 stated:  “Due to several ongoing problems that could not be corrected in the field, the BM25 continuous monitors have been recalled from the field for more exhaustive testing/repair by the manufacturer.”  You noted that ERM has had discussions with the manufacturer that did not provide ERM with satisfactory answers;  furthermore you stated that ERM is prepared to abandon use of that instrument and is looking into alternative options.



 



Given the considerable investment in the DMA studies during 2012-14, as well as the recent Ph1A sampling/monitoring episodes, ERM should submit a thorough ‘after-action’ report describing in detail the types of field-problems and technical-issues encountered with the BM25s and discussed with the manufacturer.  If alternative instruments are necessary, I would like to address their ability to overcome the encountered problems so that EPA can be assured of a successful Ph1B program.  This is a matter that our respective air-sampling specialists should immediately begin to address.



 



Sincerely, 



Ken



____________________________________



Ken Wangerud, Remedial Project Manager



Superfund Remedial Program



Office of Ecosystems Protection and Remediation



USEPA Region 8 - EPR/SR



1595 Wynkoop,  Denver CO 80202-1129



- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



ofc. tel. 303-312-6703



fax 303-312-7151     



wangerud.ken@epa.gov



 



From: David Abranovic [mailto:David.Abranovic@erm.com] 
Sent: Tuesday, September 16, 2014 6:15 PM
To: Wangerud, Ken
Cc: R. David Gibby (dgibby@usmagnesium.com); Jennifer Holder; Mark Ransom; Catherine D. LeCours (clecours@PWT.COM)
Subject: RE: Preliminary Questions/Comments on draft OU-2 Phase 1B DQOs for US Magnesium RI 



 



Ken:



 



ERM has conducted a preliminary review of Worksheet 11 of the EPA/PWT3 Quality Assurance Project Plan (QAPP) for Characterization of Chlorine and Hydrochloric Acid in Air at the US Magnesium NPL Site (received via e-mail on 28 August 2014).  Our technical team has a number of clarifying questions on the draft Phase 1B DQO worksheet.  The answers to these questions will allow us to complete a more detailed review and to provide EPA with focused comments after we are able complete our review.



 



PRELIMINARY REVIEW QUESTIONS/COMMENTS



 



1.      Step 5.1, Step 1, Pages 3 and 4. This section references Appendices A and B, which summarize the data and regulatory guidelines for Cl2 and HCl, respectively.  Appendices A and B were not attached to the QAPP or forwarded to us in the email.  Please forward these appendices as we cannot review and comment on proposed acute inhalation values for Cl2 and HCl until they have been reviewed.  



2.      Step 5.1, Step 1, Pages 3 and 4. Tables 11-1 and 11-2 are referenced in this section and summarize Acute Exposure Guideline (AEGL) values protective of human exposures, and toxicity reference values for ecological receptors, respectively. Each table presents multiple exposure durations and severity of effects.  It is not clear from the text which values EPA is proposing to use.  Since the selected values are dependent on the exposure duration and severity of effect, the rationale for the selection of the specific values is critical to understanding the rest of the DQOs (especially as it relates to the exposure duration “d” used to calculate exposure in Steps 5.1 and 5.2).  Please provide a detailed discussion of what specific values are proposed and why. 



3.      Step 5.1, Step 2, Page 4. Please clarify the rationale for adjusting the measured concentration using Haber’s Rule or ten Berge et al. when the RBCs have already been corrected.



4.      Step 5.1, Step 5, page 7. Please provide additional rationale and the basis for the site-specific Exposure Frequency Goals (EFGs) provided in the small embedded table.  Which severity of effect are we managing?  How do these specifically relate back to the selected toxicity values (both human and eco)?  Is there any precedence for the values selected?



5.      Step 5.2, page 9-10. Please provide further clarification regarding the selection of the chronic Cl2 and HCl RBC value.  Is EPA proposing the PALs or IRIS/ATSDR values?  If PALs are the selected values, which duration and level of severity is proposed?



6.      Location of Monitoring Stations, page 12.  We cannot find any rationale in Worksheet 11 of the QAPP as to the number of required stations.  Please provide rationale as to why 12 monitoring stations are needed.  



7.      Minimum Sampling Duration, page 13. Please provide additional explanation about how Figure 11-2 was created, with references if applicable.  



 



Please feel free to contact me anytime if you would like clarification regarding any of these questions. 



 



david



 



_____________________________________
David J. Abranovic P.E.
Partner

ERM West, Inc.
7272 E. Indian School Road, Suite 100
Scottsdale, Arizona 85251
General: 480-998-2401
Direct: 480-455-6070



FAX: 480-998-2106



Cell: 602-284-4917
david.abranovic@erm.com
www.erm.com

One Planet. One Company. ERM.
ü Please consider the environment before printing this e-mail



CONFIDENTIALITY NOTICE: This electronic mail message and any attachment are confidential and may also contain privileged attorney-client information or work product. The message is intended only for the use of the addressee.  If you are not the intended recipient, or the person responsible to deliver it to the intended recipient, you may not use, distribute, or copy this communication.  If you have received the message in error, please immediately notify us by reply electronic mail or by telephone, and delete this original message.



 



From: Wangerud, Ken [mailto:wangerud.ken@epa.gov] 
Sent: Thursday, August 28, 2014 1:50 PM
To: David Abranovic; R. David Gibby (dgibby@usmagnesium.com)
Cc: mstorck@utah.gov; Oliver, Kevin; John Luft; Wangerud, Ken
Subject: US Magnesium NPL Site: Initiating OU2 Air Phase-1B remedial investigation for Cl2-HCl 



 



David:



 



As I indicated earlier this week, please find attached the letter & attachments regarding Ph1B remedial investigation of Cl2-HCl.



 



Feel free to contact me in later in September to discuss ERM-USMag drafting of  a scoping meeting agenda.



 



 



Sincerely,



____________________________________



Ken Wangerud, Remedial Project Manager



Superfund Remedial Program



Office of Ecosystems Protection and Remediation



USEPA Region 8 - EPR/SR



1595 Wynkoop,  Denver CO 80202-1129



- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



ofc. tel. 303-312-6703



fax 303-312-7151     



wangerud.ken@epa.gov



 



 



 



 



  _____  



This message contains information which may be confidential, proprietary, privileged, or otherwise protected by law from disclosure or use by a third party. If you have received this message in error, please contact us immediately at (925) 946-0455 and take the steps necessary to delete the message completely from your computer system. Thank you.

Please visit ERM's web site: http://www.erm.com



  _____  



This message contains information which may be confidential, proprietary, privileged, or otherwise protected by law from disclosure or use by a third party. If you have received this message in error, please contact us immediately at (303) 741-5050 and take the steps necessary to delete the message completely from your computer system. Thank you.

Please visit ERM's web site: http://www.erm.com
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APPENDIX A 



EXPOSURE GUIDELINES FOR 



INHALATION EXPOSURE TO CHLORINE 



 



1.0 OVERVIEW 



 



1.1 Effects of Exposure 



 



Numerous public health agencies have reviewed available toxicity information on the hazards 



associated with inhalation exposure to chlorine (Cl2) and have compiled summaries of the key 



findings from studies in humans and animals (NIOSH 1976, OSHA 1978, EPA 2000, NRC 2004, 



AIHA 2004, ATSDR 2010, EPA 2013, CalEPA 2014).   The following bullets summarize the 



main conclusions reported in these documents. 



 



 Chlorine is highly reactive and readily reacts with all organic and many inorganic 



substances (NRC 2004, ATSDR 2010). 



 Chlorine is readily soluble in water and exposure to chlorine in air tends to have the 



greatest effects on moist tissue surfaces including eyes and the epithelial layer of the 



respiratory tract (NIOSH 1976, EPA 2000, NRC 2004, ATSDR 2010). 



 The odor threshold for chlorine varies between individuals, but is generally between 0.02 



and 0.2 ppm (OSHA 1978).  



 Some people report a mild “tickling” of nose or throat at concentrations of 0.01 to 0.1 



ppm (EPA 2000).  Nasal irritation, lacrimation, sore throat and coughing often begin to 



occur at a concentration of about 0.5-5 ppm, depending on the duration of exposure 



(OSHA 1978, EPA 2000).  These effects are generally transient and usually resolve 



within several hours after exposure ceases (EPA 2000).  



 At higher exposures (generally in the 5-30 ppm range, depending on exposure duration), 



eye and throat irritation become more severe (OSHA 1978), and necrosis of respiratory 



epithelial cells may occur (CalEPA 2014).  In some cases, pulmonary edema may occur, 



resulting in symptoms of chest pain and difficult breathing, often with a feeling of 



choking or suffocation (EPA 2000).  Such symptoms may endure several days after 



cessation of exposure. 



 Inhalation exposure to chlorine can be lethal, but the concentration levels causing 



lethality are not well documented in humans.  In animals, the probability of lethality 



depends both on concentration and duration of exposure, with LC50 values generally in 



the 300-1,000 ppm range, depending on exposure duration (ATSDR 2010). 
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1.2 Exposure-Time Relationships 



 



Available toxicity data in humans and animals clearly indicate that the effects of exposure to 



chlorine depend both on exposure concentration and duration of exposure.  Given information of 



the effect of exposure to concentration “C” for some time interval “t”, extrapolation to some 



other exposure duration is often achieved by assuming that that Haber’s Rule applies, which 



states that the effects of two exposure events will be similar when the product of concentration 



and time is a constant: 



 



 C x t = k 



 



For example, if Haber’s Rule applies, exposure to 10 ppm for 10 minutes would be expected to 



produce the same effect as exposure to 1 ppm for 100 minutes or 0.1 ppm for 1,000 minutes.  



However, studies by ten Berge et al. (1986) indicate that Haber’s Rule may not apply to some 



acute irritants, and that the relationship between exposure level and exposure duration is often 



better characterized as: 



 



 Cn x t = k    



 



In such a case, exposure to 10 ppm for 10 minutes is no longer expected to be equally toxic as 



exposure to 0.1 ppm for 1,000 minutes, which means that it is important to consider the value of 



n when using toxicity data at one exposure duration to extrapolate to some other exposure 



duration.  Both NAS (2004) and EPA (2013) have reviewed the available literature on the 



concentration-time relationship for chlorine to determine the value of the exponent “n”.  



Although there is variability between studies, both NAS (2004) and EPA (2013) concluded that a 



value of  n = 2 is most appropriate.  This value is also used by CalEPA (2014). 



 



2.0 HUMAN EXPOSURE GUIDELINES FOR CHLORINE 



 



2.1 Summary of Human Exposure Guidelines 



 



Numerous health agencies have derived guidelines for human exposure to chlorine. 



 



Table A 2-1 summarizes values for short-term (10 minute to 8 hour) exposures, along with 



information on the basis of the guideline (when available).  These guidelines are best thought of 



as being protective for single exposure events, with a frequency of repeated exposure that is 



sufficiently low that any effects from one exposure are fully reversed before a repeat exposure 



occurs. 



 



Table A 2-2 summarizes guidelines that are intended to be applicable to repeated workplace 



exposures or longer term continuous exposures. 
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In several cases (NAS AEGLs, AIHA ERPGs, CalEPA acute RELs, EPA PALs), guidelines 



were developed for two or three differing severity levels of adverse effect.  Although definitions 



of the tiers vary somewhat between agencies, the severity tiers may be thought of as follows: 



 



 Tier 1 guidelines identify the threshold for relative mild and reversible effects 



 Tier 2 guidelines identify the threshold for more substantial but still reversible effects 



 Tier 3 guidelines represent thresholds for serious and potentially disabling or life-



threatening exposures. 



 



Figure A 2-1 provides a graphical summary of the short-term and long-term guideline values, 



plotted as a function of exposure duration and stratified by the severity level associated with the 



guideline.  As seen, values for similar durations and severity levels may differ somewhat 



between agencies due to differences in the data considered to be the best starting point, the 



methods used to extrapolate over time, and the application of uncertainty factors.  Nevertheless, 



there is relatively good agreement between most guidelines. 



 



2.2 Choice of Guidelines for Evaluation of Human Health Risks at the U.S. Magnesium 



Site 



 



In selecting the most appropriate human exposure guidelines for use at the U.S. Magnesium site, 



two factors were considered to be important: 



 



 Guidelines based on data from intermittent exposures that require extrapolation across 



time should be derived using the relationship recommended by ten Berge et al (1986) 



with an exponent of 2. 



 Guidelines should be available for a range of exposures durations and for several 



severity levels to allow a proper characterization of risks and to support well-informed 



risk management decision-making. 



 



Based on these criteria, the following guidelines were identified as being most appropriate: 



 



 Short-term Exposures:  NAS AEGL values 



 Longer-term Exposures:  EPA PALs 



 Chronic Exposure:  ATSDR Chronic MRL.  Although this value is derived using Haber’s 



Rule (n = 1), the application of uncertainty factors in the derivation of the MRL likely 



accounts for any underestimation that might result.   



 



These values are summarized in Table A 2-3. 
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Table A 2-1.  Short-Term Human Exposure Guidelines 



 



 
 



Key Exposed Expiosure Critical NOEC LOEC



Studies Organisms Duration Effect ppm ppm ppm Note Cn * t = k Interspecies UF 10-15 min 30 min 1 hr 4 hr 8 hr



IDLH Freitag 1941 Humans 1-1.5 hrs Lethality 34-51 10 10



Short term REL



Rupp and Henschler 1967



Beck 1959, Matt 1889



Patil et al 1970



Humans <= 1 hr
Occular and respiratory 



irritation
0.2 - 1.3 0.5 1.0



OSHA Short term PEL
Anglen 1981



Rotman et al. 1983
Humans 8 hrs



Sensory irritation, decreased 



pulmonary function
0.5 1 1.0



ACGIH STEL 1.0



AEGL 1



D'Alessandro et al 1996



Rotman et al 1983



Shusterman et al. 1998



Human (including 



sensitive individuals)
15 min - 8 hr



Transient nonsymptomatic 



changes in pulmonary air flow
0.4 - 0.5 0.5 n=2 0.5 0.5 0.5 0.5 0.5



AEGL 2
D'Alessandro et al 1996



Rotman et al 1983



Human (including 



sensitive individuals)
4 hr



Shortness of breath, wheezing, 



increase resistance to airflow
1.0 1.0 n=2 1 2.8 2.8 2.0 1.0 0.7



Rat 1 hr Lethality 213, 322



Mouse 1 hr Lethality 150



Acute REL (mild) Anglen 1981 Human 30 min Itching and burning throat 1.0 n=2 10 0.07



Acute REL (severe) D'Alessandro et al 1996 Human 1 hour Decreased FEV 0.4 1.0 0.4 0.4



Acute REL (life-



threatening)
Zwart and Woutersen 1988 Rat 1 hour Lethality 311 30 10



ERPG 1
Rotman et al. 1983



D'Alessandro et al 1996
Human 4 hours



Sensory irritation



Changes in pulmonary function
0.4 - 1 1



ERPG 2 Rotman et al. 1983 Human 1 hour
Transient changes in 



pulmonary function
3



ERPG 3
Demnati et al 1995



NTIS 1972
Rats 1 hour Lethality 200-293 20



200 9 50n=2 10 7.1



Agency



NAS



Guideline
Value (ppm)AdjustmentsPOD



AIHA



AEGL 3



NIOSH



CalEPA



MacEwen and Vernort 1972



Zwart and Woutersen 1988
2028
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Table A 2-2.  Repeat Exposure and Longer-Term Human Exposure Guidelines 



 



 



Key Exposed Expiosure Critical NOEC LOEC POD Value (ppm)



Studies Organisms Duration Effect ppm ppm ppm Haber HEC UF (ppm)



NIOSH REL 
repeated 8-hour 



exposures



Rupp and Henschler 1967



Beck 1959, Matt 1889



Patil et al 1970



Humans 8 hrs
Sensory irritation, decreased pulmonary 



function
0.5



OSHA PEL
repeated 8-hour 



exposures



Anglen 1981



Rotman et al. 1983
Humans 8 hrs



Isensory irritation, decreased pulmonary 



function
0.5



ACGIH TWA
repeated 8-hour 



exposures
0.5



Acute MRL
continuous for up 



to 14 days



Multiple (Anglen 1981, 



D'Alessandro et al 1996, Rotman et 



al. 1983, Schins et al, 2000)



Human 8 hr
Irritation of eyes, nose and throat; 



transient increased airway resistance.
0.5 1 0.5 n=1 3 0.06



Intermediate MRL
continuous for 2 



wks to 1 yr
Kutzman 1983 Rats 6 hr/day, 5 d/wk, 9 wks Loss of cilia and epithelium in trachea -- 0.5 0.5 n=1 90 0.001



Chronic MRL
Continuous for a 



lifetime
Klonne  et al. 1987 Monkey 6 hr/day, 5 day/wk, 1 yr



focal epithelial hyperplasia in nose and 



trachea
-- 0.1 0.02 n=1 60 0.00005



Continuous,



1 day
Rotman et al. 1983 Human 8 hrs



Decreased pulmonary function



Eye, nose, and throat irritation
0.5 1 0.29 n=2 3 0.096



Continuous,



30 day
Jarabek 2013 Rats



6 hrs/day



5 days/wk



2 weeks



Nasal lesions 0.1 1 0.18 n=2 9 0.018



Continuous,



90 day
Klonne  et al. 1987 Monkey



6 hrs/day



5 days/wk



1 year



Nasal lesions 0.1 2.3 0.036 n=2 9 0.0036



Continuous,



2 year
Klonne  et al. 1987 Monkey



6 hrs/day



5 days/wk



1 year



Nasal lesions 0.1 2.3 0.036 n=2 9 0.0036



Continuous,



1 day



Anglen 1981



Rotman et al. 1983
Human 8 hrs



Decreased pulmonary function



Eye, nose, and throat irritation
0.5 1 0.58 n=2 3 0.19



Continuous,



30 day
One third of 30-day PAL-3 Rats 0.32 n=2 3 0.11



Continuous,



90 day



CIIT 1994



Wolf et al. 1995
Mice



6 hrs/day



5 days/wk



2 years



Decreased body weight



Mild to moderate nasal lesions
0.4 1 0.36 n=2 9 0.036



Continuous,



2 year



CIIT 1994



Wolf et al. 1995
Mice



6 hrs/day



5 days/wk



2 years



Decreased body weight



Mild to moderate nasal lesions
0.4 1 0.36 n=2 9 0.036



Continuous,



1 day
Weedon et al. 1940



Rats



Mice
16 hours Lethality 63 250 51.4 n=2 9 5.1



Continuous,



30 day
Barrow et al. 1979 Rats



6 hrs/day



5 days/wk



6 weeks



Severe respiratory irritation



Threshold for lethality
3 9 3.2 n=2 9 0.32



Continuous,



90 day
Barrow et al. 1979 Rats



6 hrs/day



5 days/wk



6 weeks



Severe respiratory irritation



Threshold for lethality
3 9 3.2 n=2 9 0.32



CalEPA Chronic REL
Continuous for a 



lifetime
Wolf et al. 1995 Rats



6 hrs/day



3 days/wk



2 years



Respiratory epithelial lesions 0.4 0.14 n = 1 0.16 30 0.00008



PAL-1



PAL-2



PAL-3



EPA



NHSRC



ATSDR



Agency Guideline



AdjustmentsApplicable



Duration
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Figure A 2-1  Human Exposure Guidelines 



 



 



(min) ppm ug/m3 Source (min) ppm ug/m3 Source (min) ppm ug/m3 Source



8 hrs 480 0.5 1450 NIOSH REL 10 min 10 2.8 8120 AEGL 2 30 min 30 10 29000 IDLH



15 min 15 1.0 2900 NIOSH STEL 30 min 30 2.8 8120 AEGL 2 10 min 10 50 145000 AEGL 3



8 hrs 480 0.5 1450 OSHA PEL 60 min 60 2 5800 AEGL 2 30 min 30 28 81200 AEGL 3



15 min 15 1.0 2900 ACGIH STEL 4 hrs 240 1 2900 AEGL 2 60 min 60 20 58000 AEGL 3



8 hrs 480 0.5 1450 ACGIH TLV 8 hrs 480 0.7 2030 AEGL 2 4 hrs 240 10 29000 AEGL 3



10 min 10 0.5 1450 AEGL1 60 min 60 0.4 1160 CalEPA REL 8 hrs 480 7.1 20590 AEGL 3



30 min 30 0.5 1450 AEGL1 60 min 60 3 8700 AIHA ERPG 2 60 min 60 10 29000 CalEPA REL



60 min 60 0.5 1450 AEGL1 24 hrs 1440 0.19 551 PAL-2 60 min 60 20 58000 AIHA ERPG 3



4 hrs 240 0.5 1450 AEGL1 30 days 43200 0.11 319 PAL-2 24 hrs 1440 5.1 14790 PAL-3



8 hrs 480 0.5 1450 AEGL1 90 days 129600 0.036 104 PAL-2 30 days 43200 0.32 928 PAL-3



1 hrs 60 0.07 203 CalEPA REL 2 years 1051200 0.036 104 PAL-2 90 days 129600 0.32 928 PAL-3



1 hrs 60 1.0 2900 AIHA ERPG 1



14 days 20160 0.06 174 ATSDR Acute MRL



1 years 525600 0.001 2.9 ATSDR Intermediate MRL



70 years 36792000 0.00005 0.1 ATSDR Chronic MRL



70 years 36792000 0.0008 2.3 CalEPA Chronic REL



24 hrs 1440 0.096 278 PAL-1



30 days 43200 0.018 52 PAL-1



90 days 129600 0.0036 10 PAL-1



2 years 1051200 0.0036 10 PAL-1



Time Time



MILD (Blue Diamnods) MODERATE (Yellow squares)



Time



SEVERE (red triangles)



Time Value Time Value Time Value 



0.00001



0.0001



0.001



0.01



0.1



1



10



100



1000



1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08



C
o



n
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n
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n
 (p



p
m



)



Duration (minutes)



Mild



Moderate



Severe



1 hour 1 day 1 year1 month



ug/m3



290,000



29,000



2,900



290



29



2.9



0.29
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Table A 2-3  Selected Human Exposure Guidelines for Chlorine 



 



Panel A:  AEGL Values for Short-Term Exposure (ppm) 



Exposure 



Duration 



Severity 



AEGL-1 



(Mild) 



AEGL-2 



(Moderate) 



AEGL-3 



(Severe) 



10 min 0.5 2.8 50 



30 min 0.5 2.8 28 



1 hr 0.5 2.0 20 



4 hr 0.5 1.0 10 



8 hr 0.5 0.7 7.1 



 



Panel B:  PAL Values for Longer-Term Exposure (ppm) 



Exposure 



Duration 



Severity 



PAL-1 



(Mild) 



PAL-2 



(Moderate) 



PAL-3 



(Severe) 



24 hr 0.096 0.19 5.1 



30 days 0.018 0.11 0.32 



90 days 0.0036 0.036 0.32 



2 years 0.0036 0.036 -- 



 



 



Panel C:  Chronic Exposure 



 



ATSDR Chronic MRL:   0.00005 ppm 
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3.0 ECOLOGICAL EXPOSURE GUIDELINES FOR CHLORINE 



 



No existing guidelines were located for exposure of ecological receptors (mammals, birds) to 



chlorine.  The following section summarizes studies that were used to derive Toxicity Reference 



Values (TRVs) for birds and mammals at this site. 



 



3.1 Mammals 



 



Lethality 



 



Inhalation exposure to high level of chlorine can be lethal in mammals.  Figure A 3-1 



summarizes LC50 data from a number of studies.  As shown, the values tend to decrease as 



exposure duration increases, with most values in the 300-1000 ppm range.   



 



According to Rusch (2000), an LC(low) (the threshold  effect level for lethality) can be estimated 



from an LC50 by dividing by a factor of 3.  Based on this, TRVs for protection against lethality 



may be estimated to be approximately 300 ppm for an exposure duration of 10-30 minutes and 



approximately 100 ppm for an exposure duration of 6-8 hours. 



 



No studies were located that provide sufficient data to identify an LC50 or an LC(low) following 



repeated exposures.  In the absence of data, a value is estimated by dividing the LC(low) for 6-8 



hours exposure by an uncertainty factor of 3. 



 



These TRVs for lethality in mammals are summarized below: 



 



Duration Frequency TRV (ppm) 



10 minutes Infrequent 300 ppm 



6 hrs Infrequent 100 ppm 



6 hrs Repeated 30 ppm 



 



Systemic Effects 



 



The primary systemic effects of chlorine exposure in mammals is irritation of eyes and nose at 



low level exposures with damage to the cells of the respiratory tract and altered respiratory 



function at higher exposures.  While low level of exposures that cause only mild irritation are not 



likely to cause ecologically significant effects, more serious effects on the nose or respiratory 



system might interfere with the ability to locate and capture prey and/or avoid predation.  



Consequently, TRVs for systemic effects are based on serious effects on the nose of respiratory 



tract. 
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Single Exposures 



 



Table A 3-1 summarizes a number of short-term (5 minute to 6 hour) studies on the effects of 



inhalation of chlorine by mammals.  The data are illustrated graphically below the table.  As 



shown, for short-term exposures in the range of 10-30 minutes, serious effect levels occurred at 



exposure concentrations of about 100 ppm.  To move from a serious effect level to a threshold 



for serious effects, the value of 100 ppm is divided by a factor of 3, resulting in a TRV of 30 



ppm. 



 



No studies were located to identify a serious effect level for a short-term exposure of 6-8 hours 



duration, so a TRV value for this duration was estimated based on the exposure-duration model 



recommended by ten Berge et al. (1986), and assuming an exponent of 2: 



 



TRV(6 hrs) = [ TRV(30 minutes)2   (0.5 / 6) ]0.5 



          = [302 / 12 ]0.5 = 8.7 ppm (rounded to 9 ppm) 



 



Repeated Exposures 



 



Table A 3-2 summarizes studies in which mammals underwent repeated exposure to chlorine.  



As indicated, several studies found that repeated exposure 6 hrs/day to 9-12 ppm resulted in 



relatively significant effects that might be associated with decreased chances of survival in the 



wild.   



   



Based on this, TRVs for protection of mammals against serious systemic effects from repeated 



exposures (6 hrs in duration) to chlorine may be estimated to be approximately 9 ppm.  To move 



from a serious effect level to a threshold for serious effects, the value of 9 ppm is divided by a 



factor of 3, resulting in a TRV of 3 ppm.  This value is consistent with several other studies that 



reported that repeated exposures ranging from 9 weeks to 2 years to concentrations in the range 



of 0.5 to 2.5 ppm caused either no effects or only mild effects that would not be likely to result in 



decreased growth, survival or reproduction. 



 



Summary of TRVs for Mammals 



 



Table A 3-3 (upper section) summarizes the TRVs derived for mammals that have been selected 



for use at the U.S. Magnesium site. 



 



3.2 Birds 



 



No quantitative data were located on the effects of chlorine on birds.  In the absence of data, 



values for birds were derived from value for mammals by dividing by an uncertainty factor of 3.  



These values are summarized in Table A 3-3 (lower section).  Although the resultant values are 
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considered to be uncertain, it is nevertheless expected that if exposure levels do not exceed the 



TRVs, population-level effects are unlikely to be ecologically significant. 
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Figure A 3-1.  LC50 Values in Mammals 
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Table A 3-1.  Systemic Effects of Short-term Exposures to Mammals 



 



 
 



Reference Species Endpoint ET (min) NOEC LOEC(mild) LOEC(serious)



Barrow and Steinhagen 1982 Rat Decreased resp rate 10 25



Demnati et al 1995 Rat Slight edema 10 100 200



Leustik et al 2008 Rat Histolog/biochem evidnce of lung injury 30 184



McNulty et al 1983 Rat Decreased -SH in nasal epithelium 360 2.5 5



Yildirim et al 2004 Rat Pulmonara edema & hemorrhage 15 1330



Barrow et al 1977 Mouse Decreased rep. rate 10 1.8



Gagnaire et al 1994 Mouse Decreased rep. rate 60 3.5



Martin et al 2003 Mouse Flattening of pulmonary epithelium 5 100



Morris et al 2005 Mouse Decreased rep. rate 15 2.3



Tian et al 2008 Mouse Histolog/biochem evidnce of lung injury 60 221



Barrow and Smith 1975 Rabbit Pulmonara edema, emphysema 30 100



Batchinsky et al 2006 Sheep Immediate and sustained lung injurt 30 120



Hoyle  2010 Mouse Decreased rep. rate 60 100



Wang 2005 Pig Reduced air flow, reduced blood oxygen 15 400
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Table A 3-2.  Systemic Effects of Repeated Exposures of Mammals 



 



 
 



 



 



Reference Species Endpoint
ET



(hrs/day)



EF



(days/week)



ED



(weeks)



NOEC



(ppm)



Mild LOEC



(ppm)



Serious LOEC



(ppm)



Jiang et al 1983 Rat Erosion of olfactory epithelium, wt loss 6 5 1 -- -- 9.1



Buckley et al 1984 Mouse Erosion and ulceration of resp epithelium 6 5 1 -- -- 9.3



Jiang et al 1983 Mouse Erosion of olfactory epithelium, wt loss 6 5 1 -- -- 9.1



Dodd et al 1980 Rat Wheezing, nasal & ocular irritation, wt loss 6 5 2 -- -- 12



Kutzman 1983 Rat Loss of epithelia cillia 6 5 9 -- 0.5 --



Barrow et al 1979 Rat Nasal inflamation 6 5 9 -- 1.0 --



Klonne et al. 1987 Monkey Focal nasal and tracheal hyperplasia 6 5 52 0.5 2.3 --



Wolf 1995 Mouse Nasal lesions, decreased BW 6 5 104 0.4 1.0 --



Wolf 1995 Rat Nasal lesions, decreased BW 6 5 104 0.4 1.0 --
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Table A 3-3. 



Selected TRVs (ppm) for Exposure of Ecological Receptors to Cl2 



 



 



Receptor 



Group 



Exposure 



Duration 



Exposure 



Frequency 



Endpoint 



Nasal/Resp. 



Tract Injury 
Lethality 



Mammals 



10-30 min Infrequent 30 300 



6-8 hr Infrequent 9 100 



6-8 hr Repeated 3 30 



Birds 



10-30 min Infrequent 10 100 



6-8 hr Infrequent 3 30 



6-8 hr Repeated 1 10 
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APPENDIX B 



HEATH EFFECTS DATA AND EXPOSURE GUIDELINES FOR 



INHALATION EXPOSURE TO HYDROCHLORIC ACID 



 



1.0 OVERVIEW 



  



Several public health agencies have reviewed available toxicity information on the hazards 



associated with inhalation exposure to hydrochloric acid (HCl) and have compiled summaries of 



the key findings from studies in humans and animals (EPA 2000, CalEPA 2000, CalEPA 2008, 



AIHA 2008,  EPA 2009, NRC 2004).  The following bullets summarize the main conclusions 



reported in these documents. 



 



 Hydrochloric acid is corrosive to the eyes, skin, and mucous membranes.  Acute 



inhalation exposure may cause coughing, hoarseness, inflammation and ulceration of the 



respiratory tract, chest pain, and pulmonary edema in humans (EPA 2000, CalEPA 2008) 



 Chronic occupational exposure to hydrochloric acid has been reported to cause gastritis, 



chronic bronchitis, dermatitis, and photosensitization.  Prolonged exposure to low 



concentrations may also cause dental discoloration and erosion (EPA 2000, CalEPA 



2000) 



 HCl is a sensory and respiratory irritant and causes changes in the upper respiratory tract, 



with the severity depending on concentrations and exposure duration.  As concentrations 



and exposure times increase, effects progress to the lower respiratory tract and may 



involve pulmonary edema and histopathologic changes (NRC 2004, EPA 2009). 



 Chronic inhalation exposure of rats caused hyperplasia of the nasal mucosa, larynx, and 



trachea and lesions in the nasal cavity (EPA 2000, EPA 2009) 



 



1.2 Exposure-Time Relationships 



 



Available toxicity data in humans and animals clearly indicate that the effects of inhalation 



exposure to HCl depend both on exposure concentration and duration of exposure.  Given 



information of the effect of exposure to concentration “C” for some time interval “t”, 



extrapolation to some other exposure duration is often achieved by assuming that that Haber’s 



Rule applies, which states that the effects of two exposure events will be similar when the 



product of concentration and time is a constant: 



 



 C x t = k 



 



For example, if Haber’s Rule applies, exposure to 10 ppm for 10 minutes would be expected to 



produce the same effect as exposure to 1 ppm for 100 minutes or 0.1 ppm for 1,000 minutes.  



Studies by ten Berge et al. (1986) indicate that Haber’s Rule may not apply to some acute 
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irritants, and that the relationship between exposure level and exposure duration is often better 



characterized as: 



 



 Cn x t = k    



 



Both NAS (2004) and EPA (2013) have reviewed the available literature on the concentration-



time relationship for HCl to determine the value of the exponent “n”.  Although there is 



variability between studies, both NAS (2004) and EPA (2013) concluded that a value of n = 1 is 



most appropriate (i.e., Haber’s Rule is applicable). 



 



2.0 HUMAN EXPOSURE GUIDELINES FOR HCl 



 



2.1 Summary of Human Exposure Guidelines 



 



Numerous health agencies have derived guidelines for human exposure to chlorine. 



 



Table B 2-1 summarizes values for short-term (10 minute to 8 hour) exposures, along with 



information on the basis of the guideline (when available).  These guidelines are best thought of 



as being protective for single exposure events, with a frequency of repeated exposure that is 



sufficiently low that any effects from one exposure are fully reversed before a repeat exposure 



occurs. 



 



Table B 2-2 summarizes guidelines that are intended to be applicable to repeated workplace 



exposures or longer term continuous exposures. 



 



In several cases (NAS AEGLs, AIHA ERPGs, CalEPA acute RELs, EPA PALs), guidelines 



were developed for two or three differing severity levels of adverse effect.  Although definitions 



of the tiers vary somewhat between agencies, the severity tiers may be thought of as follows: 



 



 Tier 1 guidelines identify the threshold for relative mild and reversible effects 



 Tier 2 guidelines identify the threshold for more substantial but still reversible effects 



 Tier 3 guidelines represent thresholds for serious and potentially disabling or life-



threatening exposures. 



 



Figure B 2-1 provides a graphical summary of the short-term and long-term guideline values, 



plotted as a function of exposure duration and stratified by the severity level associated with the 



guideline.  As seen, values for similar durations and severity levels may differ somewhat 



between agencies due to differences in the data considered to be the best starting point, the 



methods used to extrapolate over time, and the application of uncertainty factors.  Nevertheless, 



there is relatively good agreement between most guidelines. 
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2.2 Choice of Guidelines for Evaluation of Human Health Risks at the U.S. Magnesium 



Site 



 



In selecting the most appropriate human exposure guidelines for use at the U.S. Magnesium Site, 



two factors were considered to be important: 



 



 Guidelines based on data from intermittent exposures that require extrapolation across 



time must be derived using the relationship recommended by ten Berge et al (1986) with 



an exponent of 1. 



 Guidelines must be available for a range of exposures durations and for several severity 



levels to allow a proper characterization of risks and to support well-informed risk 



management decision-making. 



 



Based on these criteria, the following guidelines were identified as being most appropriate: 



 



 Short-term Exposures:  NAS AEGL values 



 



 Longer-term Exposures  EPA PALs 



 



 Chronic Exposure:  EPA RfC 



 



These values are summarized in Table B 2-3. 
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Table B 2-1.  Short-Term Human Exposure Guidelines 



 
Key Exposed Expiosure Critical NOEC LOEC



Studies Organisms Duration Effect ppm ppm ppm Note Interspecies UF 10-15 min 30 min 1 hr 4 hr 8 hr



IDLH



Flury and Zernik 1931



Henderson and Haggard 1943



Tab Biol Per 1933



Human
Inability to work at 50 



ppm
50 50



AEGL 1 Stevens et al. 1992 Humans 45 min
Upper resp 



symptoms
1.8 -- 1 1.8 1.8 1.8 1.8 1.8



AEGL 2 Stavert et al. 1991 Rat 30 min



Severe nasal and 



pulmonary 



histopathology



-- 1300 30 100 43 22 11 11



AEGL 3
Wohlslager et al. 1976



Vernot et al. 1977
Rat 1 hr Lethality



LC50 = 



3124
1000 a 10 620 210 100 26 26



Acute REL 



(mild)
Stevens et al. 1992 Humans 45 min



Upper resp 



symptoms
1.8 -- 1.4 1 1.4



Acute REL 



(severe)
NRC 1987 Mice 10 min



RD50 = 



309
~15 20



Acute REL (life-



threatening)
Hartzell et al. 1985 Rat 1 hr Lethality 1800.0 2280 1270 b 30 42



ERPG 1 Stevens et al. 1992 Humans 45 min
Upper resp 



symptoms
1.8 -- 3



ERPG 2 Multiple
Humans



Animals



Serious eye and 



respiratory btract 



injury



20 20



ERPG 3 Multiple Animals 15 min - 6 hr4 Lethality 150 150



 a LClow = LC50 / 3
 b  BMCL



Agency



NAS



Guideline
Value (ppm)POD



AIHA



NIOSH



CalEPA



Adjustments
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Table B 2-2.  Repeat Exposure and Longer-Term Human Exposure Guidelines 



 



 
 



Key Exposed Exposure Critical NOEC LOEC POD Value (ppm)



Studies Organisms Duration Effect ppm ppm ppm HEC UF (ppm)



NIOSH REL 
repeated 8-hour 



exposures
5.0



OSHA PEL
repeated 8-hour 



exposures
5.0



ACGIH TWA
repeated 8-hour 



exposures
5.0



Continuous,



1 day
Srevens et al. 1992 Human 45 min Irritation 1.8 1.8



Continuous,



30 day
Toxigenics Inc 1984 Rats



6 hr/day



5 day/wk



90 days



Decreased body weight



Minimal to mild histopathological of 



nasal cavity



50 8.9 10 0.9



Continuous,



90 day
Toxigenics Inc 1984 Rats



6 hr/day



5 day/wk



90 days



Decreased body weight



Minimal to mild histopathological of 



nasal cavity



50 8.9 10 0.9



Continuous,



2 year



Sellakumar et al 1994



Albert et al. 1982
Rat



6 hr/day



5 day/wk



Lifetime



No effect on body weight or survival 10 1.8 10 0.18



Continuous,



1 day



Henderson and 



Haggard 1943
Human 24 hr Maximum tolerable exposure 10 1 10



Continuous,



30 day



Henderson and 



Haggard 1943
Human 24 hr Maximum tolerable exposure 10 3 3.3



Continuous,



90 day



Henderson and 



Haggard 1943
Human 24 hr Maximum tolerable exposure 10 3 3.3



Continuous,



2 year
--



Continuous,



1 day
Wohlslagel et al. 1976 Rat 1 hour Threshold for lethality 1774 73.9 3 25



Continuous,



30 day
--



Continuous,



90 day
--



EPA RfC
Continuous for a 



lifetime



Sellakumar et al 1994



Albert et al. 1982
Rat



6 hr/eday



5 day/wk



Lifetime



Hyperplasia of eipitelial cells in nose 



and upper respiratory tract
10 0.442 300 0.013



CalEPA Chronic REL
Continuous for a 



lifetime
Sellakumar et al 1985 Rat



6 hr/day



5 day/wk



Lifetime



Hyperplasia of eipitelial cells in nose 



and upper respiratory tract
1.8 0.32 100 0.006



Agency Guideline



Adjustments



PAL-1



PAL-2



PAL-3



EPA



NHSRC



Applicable



Duration
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Figure B 2-1  Human Exposure Guidelines 
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8 hrs 480 5 14500 NIOSH REL 10 min 10 100 290000 AEGL 2 30 min 30 50 145000 IDLH



30 min 30 43 124700 AEGL 2 10 min 10 620 1798000 AEGL 3



8 hrs 480 5.0 14500 OSHA PEL 60 min 60 22 63800 AEGL 2 30 min 30 210 609000 AEGL 3



4 hrs 240 11 31900 AEGL 2 60 min 60 100 290000 AEGL 3
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1 hrs 60 3.0 8700 AIHA ERPG 1
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Table B 2-3  Selected Human Exposure Guidelines for HCl 



 



Panel A:  AEGL Values for Short-Term Exposure (ppm) 



 



Exposure 



Duration 



Severity 



AEGL-1                



(Mild) 



AEGL-2 



(Moderate) 



AEGL-3 



(Severe) 



10 min 1.8 100 620 



30 min 1.8 43 210 



1 hr 1.8 22.0 100 



4 hr 1.8 11.0 26 



8 hr 1.8 11 26 



 



Panel B:  PAL Values for Longer-Term Exposure (ppm) 



 



Exposure 



Duration 



Severity 



PAL-1 



(Mild) 



PAL-2 



(Moderate) 



PAL-3 



(Severe) 



24 hr 1.8 10 25 



30 days 0.9 3.3 -- 



90 days 0.9 3.3 -- 



2 years 0.9 -- -- 



 



 



Panel C:  Chronic Exposure 



 



 EPA RfC:  0.013 ppm (continuous lifetime exposure) 
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3.0 ECOLOGICAL EXPOSURE GUIDELINES FOR HCl 



 



No existing guidelines were located for inhalation exposure of ecological receptors (mammals, 



birds) to HCl.  The following section summarizes studies that were used to derive Toxicity 



Reference Values (TRVs) for birds and mammals at this site. 



 



3.1 Mammals 



 



Lethality 



 



Inhalation exposure to HCl can cause severe injury to the lung resulting in lethality.  Figure B 3-



1 summarizes data from a number of studies in mammals.  As shown, there is substantial 



variation between studies and between species, with mice generally tending to be the most 



sensitive.  Taken together, the data indicate that lethality in mammals is unlikely to occur 



following exposures of 300 ppm for up to 10 minutes or 100 ppm for exposures of 1-6 hours.  



 



No studies were located that provide sufficient data to identify an LC50 or an LC(low) following 



repeated exposures.  In the absence of data, a value is estimated by dividing the value for 6-8 



hours exposure by an uncertainty factor of 3. 



 



These TRVs for lethality in mammals are summarized below: 



 



Duration Frequency TRV (ppm) 



10 minutes Infrequent 300 ppm 



6 hrs Infrequent 100 ppm 



6 hrs Repeated 30 ppm 



 



Systemic Effects 



 



Single Exposures 



 



Table B 3-1 summarizes a number of short-term (5-30 minute) studies on the effects of 



inhalation of HCl by mammals.  The data are illustrated graphically below the table.  As shown, 



exposure to concentrations below 100 ppm appear to cause only mild and reversible effects (e.g., 



mild irritation, altered breathing rate) that are unlikely to cause ecologically significant impacts 



on growth, reproduction or survival of exposed organisms. 



 



Based on this, the TRV for protection of mammals against serious systemic effects from short-



term (10-30 minutes) single exposures to HCl may be estimated to be approximately 100 ppm. 
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No studies were located to identify a serious effect level for a short-term exposure of 6-8 hours 



duration, so a TRV value for this duration was estimated based on application of Haber’s Rule: 



 



TRV(6 hrs) = TRV(30 minutes)  * (0.5 / 6)  



          = 100 ppm * 0.083 = 8.3 ppm 



 



Repeated Exposures 



 



Table B 3-2 summarizes studies that were located in which mammals underwent repeated 



exposure to HCl for 6 hours per day for 3 or more days.  The data are too limited to draw firm 



conclusions, but exposure to 309 ppm HCl caused death in exercising guinea pigs after 3 days.  



In order to be conservative, the TRV for long-term repeated exposure to HCl is derived as 



follows: 



 



 POD = 309 ppm 



 Haber’s Rule Adjustment = 6/24 



UF1 = 3 to estimate LD(low) (Rauch et al. 2009) 



 UF2 = 3 to extrapolate from 3 days to longer term 



 UF3 = 3 for database limitations 



 



 TRV = 309 ppm * (6/24) / 30 = 3 ppm 



 



This value is consistent with the findings reported by Albert et al. (1982) in which only mild 



effects occurred in rats exposed 6 hr/ day for a lifetime.  After application of Haber’s rule, this 



would correspond to 2.5 ppm as mild effect level for continuous exposure. 



 



Summary of TRVs for Mammals 



 



Table B 3-3 (upper section) summarizes the TRVs derived for mammals that have been selected 



for use at the U.S. Magnesium site. 



 



3.2 Birds 



 



No quantitative data were located on the effects of HCl on birds.  In the absence of data, values 



for birds were derived from value for mammals by dividing by an uncertainty factor of 3.  These 



values are summarized in Table B 3-3 (lower section).  Although the resultant values are 



considered to be uncertain, it is nevertheless expected that if exposure levels do not exceed the 



TRVs, population-level effects are unlikely to be ecologically significant. 
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Figure A 3-1.  Lethality Values in Animals 
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Table B 3-1.  Systemic Effects of Short-term Single Exposures of Mammals 



 



 
 



Study Species ED (min) Endpoints NOEC LOEC (mild) LOEC (severe)



Barrow et al. 1977 Mouse 10 Decreased respiration 40 245 309



Barrow et al. 1979 Mouse 10 Dec.resp., nasal ulceration 50 120



Kaplan et al 1988 Baboon 5 Coughing, eye irritation 190 810



Kaplan et al 1988 Baboon 15 Bronchconstriction 500



Kaplan et al 1993 Guinea Pig 15 Bronchconstriction 500



Kaplan et al 1993 Rat 15 Decreased respiration 3890



Kaplan et al 1993 Mouse 15 Decreased respiration 475



Stavert et al 1991 Rat 30 Nasal lesions, body weight 1293



Burleigh-Flayer et al 1985 Guinea pig 30 Pulmonary irritation 320 1040



Malek and Alarie 1989 Guinea pig 30 Irritation 107



Malek and Alarie 1989 Guinea pig 16 Incapacitation 140



Hartzel et al 1985 Rat 30 Decreased respiration 200



Lucia et al. 1977 Rat 10 Resp tract lesions 17 723
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Table B 3-2.  Systemic Effects of Repeated Exposures of Mammals 



 



 
 



 



Reference Species Endpoint
ET



(hrs/day)



EF



(days/wk)



ED



(days)



NOEC



(ppm)



Mild



LOEC



(ppm)



Serious 



LOEC



(ppm)



Albert et al 1982 (a) Rat Hyperplasia of nasal and tracheal epithelium 6 5 Lifetime 10



Toxigenics 1984 Rat Slight weight loss 6 5 90 20 50



Buckley et al 1984 Mouse Mortality 6 5 3 309



(a)  Discussed in Sellakumar et al. 1985
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Table B 3-3. 



Selected TRVs (ppm) for Exposure of Ecological Receptors to HCl 



 



 



Receptor 



Group 



Exposure 



Duration 



Exposure 



Frequency 



Endpoint 



Nasal/Resp. 



Tract Injury 
Lethality 



Mammals 



10-30 min Infrequent 100 300 



6-8 hr Infrequent 8.3 100 



6-8 hr Repeated 3 30 



Birds 



10-30 min Infrequent 30 100 



6-8 hr Infrequent 3 30 



6-8 hr Repeated 1 10 
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EPA RESPONSES 23 August 2014 
To 



 
PRELIMINARY REVIEW QUESTIONS/COMMENTS FROM  



ERM email of 16 Sep 2014 
 



Regarding 
EPA Draft OU-2 Phase 1B DQOs for US Magnesium RI 



  



1. Step 5.1, Step 1, Pages 3 and 4. This section references Appendices A and B, which summarize the 
data and regulatory guidelines for Cl2 and HCl, respectively.  Appendices A and B were not attached 
to the QAPP or forwarded to us in the email.  Please forward these appendices as we cannot review 
and comment on proposed acute inhalation values for Cl2 and HCl until they have been reviewed.  



 



Appendices A and B have been provided to ERM (see 9 Sep 2014 email from Catherine LeCours). 



. 



Step 5.1, Step 1, Pages 3 and 4. Tables 11-1 and 11-2 are referenced in this section and summarize 
Acute Exposure Guideline (AEGL) values protective of human exposures, and toxicity reference values 
for ecological receptors, respectively. Each table presents multiple exposure durations and severity of 
effects.  It is not clear from the text which values EPA is proposing to use.  Since the selected values are 
dependent on the exposure duration and severity of effect, the rationale for the selection of the specific 
values is critical to understanding the rest of the DQOs (especially as it relates to the exposure duration 
“d” used to calculate exposure in Steps 5.1 and 5.2).  Please provide a detailed discussion of what 
specific values are proposed and why. 



 



The choice of which AEGL or other RBC values that is/are optimal for risk characterization and decision-
making will be made after data are obtained on the magnitude and frequency of spikes occurring at the 
various monitoring stations. 



 



2. Step 5.1, Step 2, Page 4. Please clarify the rationale for adjusting the measured concentration using 
Haber’s Rule or ten Berge et al. when the RBCs have already been corrected. 



 



If the RBC is derived using the equation recommended by ten Berge, then the concentration values 
compared to the RBC must also be calculated in the same way. 



 



3. Step 5.1, Step 5, page 7. Please provide additional rationale and the basis for the site-specific 
Exposure Frequency Goals (EFGs) provided in the small embedded table.  Which severity of effect 
are we managing?  How do these specifically relate back to the selected toxicity values (both human 
and eco)?  Is there any precedence for the values selected? 



 



As stated, the EFGs are based on risk management judgments.  EPA will seek to limit the frequency of 
exceedances to the EFG for each severity level.  The relation of severity to toxicity data is described in 



Appendices A and B.  EPA is not aware of any precedents. 



 



4. Step 5.2, page 9-10. Please provide further clarification regarding the selection of the chronic Cl2 and 
HCl RBC value.  Is EPA proposing the PALs or IRIS/ATSDR values?  If PALs are the selected 
values, which duration and level of severity is proposed? 











 



EPA considers both the PALs and the IRIS/ATSDR values to be applicable.  The PALs will be used for 
scenarios with exposure durations of several years, while the IRIS/ATSDR values will be used for chronic 
exposure scenarios. 



 



5. Location of Monitoring Stations, page 12.  We cannot find any rationale in Worksheet 11 of the QAPP 
as to the number of required stations.  Please provide rationale as to why 12 monitoring stations are 
needed. 



 



The position of monitoring stations is based on a consideration of areas where humans and/or ecological 
receptors may be exposed, seeking to provide good spatial coverage,  EPA has sought to select a pattern 
of stations that are not so close as to be “redundant” ,but not so far apart that there would be a substantial 
data gap between stations.  Because the placement of stations involves judgment, EPA anticipates that 
discussions with ERM will be appropriate to ensure the final pattern is optimal. 



 



6. Minimum Sampling Duration, page 13. Please provide additional explanation about how Figure 11-2 
was created, with references if applicable.  



 



The basic equations needed to generate Figure 11-2 are shown on page 11-13.   The detailed 
calculations are presented in the attached spreadsheet (“Figure 11-2.xlsx”). 



 



*  *  *  *  *  * 
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